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& During the war and since, demand 
for quality bifocal lenses has been at an 
all-time high. With ever-increasing 
production schedules, there still have 
not been enough Bausch & Lomb bifo- 
cals to meet professional requirements. 

Bausch & Lomb has devoted years of 


intensive effort to the solution of this 


problem. Today the result of this work 
has been attained. A whole plant, sep- 
arate from the rest of the factory, is 
devoted to bifocal production. Four 


whole floors of new equipment are now 


in 


in production. Output is at the highest 
level in Bausch & Lomb history. 

And more Bausch & Lomb bifocals is 
not the whole story. They’re better 
bifocals, too. The new equipment has 
been designed to make bifocals by new 
methods. Tolerances are closer, inspec- 
tions tighter, performance uniform. 
In bifocals, “Bausch & Lomb Quality” 
is more than ever the standard of 
optical excellence. 

These are lenses which merit your 


highest professional confidence. 


BAUSCH 6 LOMB 
OPTICAL COMPANY ROCHESTER 2, N.Y. 


Right 
on the 
mOS@ ... 


and that’s 
where it 
belongs 


@ Yes, Baylok is designed to 
stay right on the nose—where it 
belongs and comfortably so too! 
No more slipping down; no more 
pressing in on delicate nerves 
because Baylok has a Balanced 
Bridge which combines the best 
features of saddle bridge and nose 
pad construction. Bridge of nose 
and pads share the light weight 
equally and the result is the most 
comfortable frame in the world! 
Other comfort revealing features 
include Baylok’s new Baylon 
(skull fit) and Bayflair (library 
type) temples. So light yet so 
firm and clinging. Recommend 
Baylok to your patients and you 
recommend the frame that will 
give lasting satisfaction. 


bavlok BY BAY STATE 


BAY STATE OPTICAL COMPANY, ATTLEBORO, MASS. 
CHICAGO: 29 EAST MADISON STREET 
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THE ART OF DESIGNING... THE GRAFT OF FASHIONING 
IN METAL IN ZYL 


No. 5205 1/10 12K Gold-Filled 
with 10K Gold Bridge 


ARCWAY FUL-VUE 


Here is THE medium-bridge style for women patients who 
appreciate Art-Craft’'s meticulous attention to detail ... so 
instantly apparent in the design and etching of the Lynhurst 
bridge, in the extra smartness of the hinge-concealing 
Styleflo No-Korod temple. 

These exclusive features, plus Art- 
Craft's typical easy fit, maintenance 
of lens alignment and wearer com- 
fort, make the Lynhurst a practice- 
builder par excellence. 


Vil 


> 
>" X > 
4 4 
| 
/ 
| / | 
/ 
| / \ 
a / \ | 
_ | 
| 
. 
rteraft OPTICAL COMPANY - ROCHESTER 6,N. Y | 


“The. Univis D, General 
Vocational Trifocal 


respect by any other 


The recent development of GG-7 (the laboratory 


control name for Univis’ new segment glass) ends 


We don’t ask you to accept it on faith 
alone. We ask you to check the following 
points of proof : 


Index of 1.6537 (+ or —.0003). 
Dispersion factor of approximately 47. 


Stability—the ability to withstand ordi- 
nary atmospheric conditions. 


Quality—the complete elimination of 
bubbles, seeds, and striae by a revolution- 
ary new glass-making process. 


a long search and makes this statement possible. 


Fusing characteristics which permit 
perfect fusion with ophthalmic crown 
and use of Newton’s Ring control. 


Working characteristics adaptable to 
manufacturing and laboratory grinding 
processes. 


Surface hardness making it resistant to 
scratching and abrasion. 


These are the properties of the ideal seg- 
ment glass as set up several years ago... 


VIII 
és 


rests 
this 


Purpose Trifocal and 


are unequaled in any 
lenses of their kind.” 


and as this glass was recently produced for 
the Univis Lens Company by the Corning 
Glass Works of Corning, New York. 


Thus, of the Univis D and Univis Tri- 
focals, this may be said : ” 


1. They are products of the finest de- 
sign possible. 

2. They embody not one, two or three 
of the seven components of the ideal 
segment glass ... but every single one 
of them. 

3. They are manufactured up to the 
maximum benefit of their superior de- 
sign. 

4. They are no longer subject to the 
restrictions of raw materials which 


had fallen far behind the pace of prog- 
ress. 


Add these together and you get multi- 
focals that are “. . . unequaled in any re- 
spect by any other lenses of their kind.” 
This statement is further supported by the 
results of closely supervised field tests in 
which more than 200,000 pairs of lenses 
in GG-7 have been prescribed and fitted. 


Watch for further details on this new de- 


velopment. 
NIVI 
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DAYTON 1, OHIO 
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by IICTORY 


Five lovely Pearl-HONEYS . . . in glamorous, 
glowing colors that are ideal for casual or dress wear. 
The softly luminous mother-of-pearl overtones blend beautifully 
with every skin texture and hair coloring . . . are completely 


in harmony with spring and summer fashion trends. “Pearls” are 


available only in the sensationally-popular HONEY by Victory. 


@ 


Order through your optical supplier 


VICTORY OPTICAL 


Factory & Main Office, Mulberry Place, Newark, N. J. 
Branch Office, 5 North Wabash Avenue, Chicago, Ill. -— — 
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Precision made, infra-red absorp- 
tive Therminon now available in 
oval-top bifocals. 


IS THE NEW same high quality 


WORD FOR that has made Ther- 


ABSORPTIVE minon lenses so well 
LENSES known for providing 


eye comfort and 
protection. 


WRITE FOR COMPLETE INFORMATION 
“COOL FILTERED LIGHT IS BEST FOR SIGHT" 


CORPORATION. 
MANUFACTURERS OF THERMINON AND OTHER FINE OPHTHALMIC LENSES 


To Greater Bifocal Comfort—Clearer Bifocal Vision 
THE ONLY FLAT TOP ONE-PIECE BIFOCAL 


ULTEX 


K Ultex. Complete base stocks are on hand. A reduction 


Every ethical optical man will welcome the availability of 
in K consumer prices makes it easier for the doctor to 


dispense this decidedly superior bifocal. 


BEST BY EVERY OPHTHALMIC TEST cs 


. Sharp, wide angle vision through beth reading and distance portion. 

. Optically true surfaces, cold pitch polished like finest instrument lenses. 
. Keen definition, no hazy image from injurious fusing processes. 

. Free of color fringes. 


. Thin segment shoulder; no annoying shoulder reflections. 


. Wider reading field, due to inside segment. 


Minnesota Optical Company 


621 W. Lake St. “t MINNEAPOLIS, MINN. 
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Announcing 
the NEW AO 1217 PROJECT-O-CHART 


Floor, table, wall, portable, and chair and unit models im- 
mediately available. Ask your AO Field Representative 
for complete details for new illustrated booklet. 
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SUPERBLY ACCURATE IN EVERY OPERATION 
SIMPLIFIED IN EVERY POSSIBLE WAY 


STREAMLINED IN EVERY LAST DETAIL 


Here's the most precise, effective, and modern instrument ever engineered 
by AO for subjective testing of visual acuity. 


Outstanding new features include: 


New Optical System that projects test characters with amazing fidelity and 
clarity, assuring excellent definition of projected characters. 


New Heat and Light Baffle that ingeniously provides a natural ventilation 
keeping the instrument housing cool at all times. 


New Lamp Housing that opens instantly, reducing lamp change time to a 
matter of seconds. Its modern design assures maximum illumination. 


In addition, this precision instrument incorporates a new illuminating 
system that gives brilliant, evenly distributed light; new slide ways for ac- 
curately positioning slides; new selector slide, and new horizontal line selec- 
tor. Its rich black, Wrinkle finish harmonizes perfectly with other AO 


instruments in your refracting room. 


American & Optical 


COMPANY 
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THE SIGNIFICANCE OF VISUAL ACUITY 
MEASUREMENTS WITHOUT GLASSES* 


Glenn A. Fry, Ph.D.+ 
School of Optometry, The Ohio State University, 
Columbus, Ohio 


INTRODUCTION 

When the eye is free from astigmatism but out of focus, the 
retinal image of a point of light represents a circular patch over which 
the light is uniformly distributed. When astigmatism comes into the 
picture, the circle becomes distorted into an ellipse or line, except in the 
special case in which the middle of the interval of Sturm falls on the 
retina. The major and minor axes can be referred to as the most blurred 
and least blurred meridians and represent the principal meridians of 
the astigmatic eye. 

Elliptical and linear images present a problem for the measure- 
ment of unaided visual acuity inasmuch as the interpretation of the 
results depends upon the relation of the orientation of the test pattern 
with respect to the principal meridians of the eye. In the case of circular 
images, rotating the test object around the line of sight does not affect 
the results. 

In designing a test for unaided vision, it is necessary to specify 
some objective. Must one aim at a single score? If so, what is to be 
aimed at? Should it represent the acuity in some specific meridian, or 
in the poorer or the better of the two principal meridians, or an aver- 
age of the two principal meridians, or an average of all meridians? 
Should several of these measurements be aimed at? To what extent 
should accommodation be controlled? 


*Read before the Annual Meeting of the American Academy of Optometry at 
Philadelphia, Pennsylvania, May 19, 1947. For publication in the May, 1948, issue of 
the AMERICAN JOURNAL OF OPTOMETRY AND ARCHIVES OF AMERICAN ACADEMY OF 
OPTOMETRY. 

Aided by a grant-in-aid from the Bausch 6 Lomb Optical Company for research 
in Physiological Optics. 

*Optometrist. Fellow, American Academy of Optometry. 
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It is not the purpose of this paper to decide what objective should 
be aimed at but to analyze what is actually measured with different 
types of test objects and testing procedures, when each point in the 
test object produces a blur ellipse on the retina, and when the major 
axis is oriented in different directions with respect to the test object. 

The analysis is based upon the assumption that the light is uni- 
formly distributed over the blur ellipse. 


Y Y : 


Fig.! Fig.2 


Fig. 1. Coordinate system for the plane of the test object. The ellipse includes all of the 
elements of area that contribute to the illumination at P’ on the retina. 
Fig. 2. Coordinate system for the plane of the retina. The ellipse is the blur ellipse 
produced by an element of area at P in the plane of the test object. 
Fig. 3. Method of integrating the elements of area in the plane of the test object that 
contributes to the illumination at a given point on the retina. 


The simplest approach to the problem is to use a coordinate system 
(xv) to represent points in the plane of the test object, with the x 
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and y axes corresponding to the principal meridians (Figure 1), and 
also another coordinate system (x’y’) to represent the plane of the 
retina (Figure 2). An element of area in the plane of the test object 
at the point (P) whose ordinate is k and whose abscissa is h will 
produce a blur ellipse in the plane of the retina whose center falls at 
the point (P’) whose ordinate is k’ and whose abscissa is h’. The 
equation for the blur ellipse centered at P’ is 


(x’-h’)? (y’-k’)? 
(a’)? ' (b’)? 


in which a’ and b’ are the semi-diameters of the blur ellipse in the 
principal meridians. The relation between h and h’ and the relation 
between k and k’ are given by the following formulas: 


(2) 


(3) 


In these equations, c, and c, are constants that depend upon a number of 
factors 


The elements of area in the plane of the test object whose blur 
ellipses overlap at a given point P’ on the retina will fall within an 
area which is bounded by an ellipse centered at P which has the fol- 
lowing equation: 


(x-h)? | (y-k)? 


=e 4 
a 


In this equation 


Let us divide the area surrounding P into zones d® wide (Figure 
3) and use the symbol s to represent the fraction of the area in each 
zone which is luminous, and which falls inside the ellipse. Each ele- 
ment of luminous area produces an intensity (dI) at P’ which is 


= = 
k’ = ck. = 
a=-a 
(5) 
and 
b == b’/c, 
(6) 
201 
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equal to c, (dA). The total intensity at P is given by the following 
equation: 


2 és dé (7) 


In most cases the configuration of the test object makes it so 
difficult to evaluate the integral in Equation (7) that it was deemed 
desirable to set up an experimental model which would permit a direct 
determination of the intensity at various points in the image. 


Condenser 
——f€) 
Source 
ound 
Cc Gloss 
Macbeth 
lluminometer 
Fig 4 


Fig. +. Optical integrating device for computing the distribution of light in the retinal 
image for a given test object 

The apparatus employed is illustrated in Figure 4. The aperture 
A is either elliptical or circular depending upon the type of blur circle 
desired. If a point size aperture is placed at B, the light passing through 
aperture A to aperture at B will form an elliptical or circular distribu- 
tion of light on the opal surface of the opal-flashed glass (C). If the 
test object to be investigated is placed in the plane at B, the ellipses 
formed by the various points in the pattern will overlap at the point D 
and produce an intensity which can be measured with the micropho- 
tometer, which is nothing more than a MacBeth Illuminometer with 
a lens (E) placed between the pattern and the instrument so that a 
special .05 mm. peep hole in the instrument is conjugate to the point 
D. The pattern is always kept orientated in a given direction but shifted 
laterally to determine the locus of points in the pattern producing a 
constant brightness at D. The ray from the center of the aperture A 
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through D represents the chief ray of the bundle of rays contributing 
to the illumination of D, and the point F in the plane B represents 
the point in the pattern for which the intensity is measured. 

Figures 5, 13, and 14 represent the iso-illumination lines for 
different types of test objects which have been investigated in this 
manner. In each case the figure on the left represents the actual pattern 
investigated, and the central figure represents the iso-illumination lines. 
The figure on the right represents the blur ellipse produced by a point 
source. 


THE BROKEN RING TEST OBJECT 
The Landolt broken ring has a single break or gap. The visibility 
of the gap is affected by the relation of its position to the principal 


04 15 
5 
is 
mal 
5 
Biur Ellipse 
for a 
Test Object Retinal image Polat of 
Fig 5 


Fig. 5. Distributions of intensity on the retina of an astigmatic eye produced by a 
Landolt ring with the gap oriented in various directions with respect to the major axis 
of the blur ellipse. 
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meridians. As shown in Figure 5, improper focus of the eye is most 
effective when the major axis of the ellipse is perpendicular to the gap, 
least effective when it is parallel to the gap, and intermediate in effec- 
tiveness when the major axis is oblique. On the assumption that 
accommodation remains constant, one can design a test employing this 
target which will provide a measure of the acuity in either of the 
principal meridians and which will prevent the subject from improving 
his score by falsifying his report of what he sees. Four positions are 
used corresponding to the principal meridians; e.g., let us assume that 
the principal meridians are vertical and horizontal and that the four 
positions are up, down, right and left. The target is presented a num- 
ber of times with the position of the gap being varied from one 
presentation to the next. The frequency of presentations is the same 
for all positions. 

The subject is instructed tO report the position in which the gap 
is seen or to guess the position when he cannot see it. 

There will be a size of test object at which the chance of a correct 
guess is one out of four. For a size at which the up and down positions 


100 = 
75 x 75r a 75 
W 
S2 25 25 25 25 
a0 
SIZE OF OBJECT SIZE OF OBJECT SIZE OF OBJECT 
Fig.6 Fig.7 Fig.8 


Fig. 6. The psychophysical function for the judgment of the position of the gap in a 
Landolt ring which is presented with the gap in four positions corresponding to the 
principal meridians of an astigmatic eye 
Ig. 7. The psychophysical function for the judgment of the position of the gaps in a 
double broken ring which is presented with the gaps in four positions corresponding to 
the principal meridians of an astigmatic eve 
Fig. 8. The psychophysical function for the judgment of the position of the gap in a 
Landolt broken ring or the position of the two gaps in a double broken ring when the 
gaps are presented at four positions intermediate between the two principal meridians of 
an astigmatic eye 


can be seen but the right and left positions have to be guessed, the 
chance of a correct guess for these positions is still one out of four.* 


*If the subject catches on to the faci that he is definitely seeing breaks in the up 
and down positions, he might deduce that the break must be to the right or left when 
he cannot see it. and hence the chance of a correct guess would be one out of two 
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For a still larger size the chance of an incorrect guess would be reduced 
to zero. 

This means that the psychophysical function representing the 
percentage of correct guesses for objects of different size will have a 
plateau as shown in Figure 6. The ogive curves representing the trans- 
sition from one level to another can be assumed to have the form of 
the integral of the probability curve. At least this is probably the most 
satisfactory guess that one can make without an experimental deter- 
mination. 

If four out of 10 correct guesses were used as the criterion of 
passing, the measure would represent a measure of the acuity of the less 
blurred of the two principal meridians; but if eight out of 10 were 
used, it would be a measure of the acuity for the most blurred 
meridian. 

One can make the test for blurredness in the more blurred of the 
two principal meridians more satisfactory by using a ring with two 
breaks 90° apart instead of a single break, and by placing the ring in 
four positions with the gaps, let us say, up and in, up and out, down 
and in and down and out, and by assuming that these positions cor- 
respond to the principal meridians. 

There is a level, of course, at which the chance of a correct guess 
is one out of four. At a higher level the gap in the vertical meridian is 
seen, but one has to guess whether the gap in the horizontal meridian 
is right or left. The total frequency of right guesses to be expected is 
five out of 10. The psychophysical function is shown in Figure 7. 

One can also use the Landolt broken ring to give a score which 
represents approximately an average of the acuities in the principal 
meridians. This is done by using the four oblique positions instead of 
the up, down, right and left positions. The psychophysical function 
would have no plateau (Figure 8). For small objects the chance of a 
correct guess is 25 per cent. As the size increases the chance of an in- 
correct guess is gradually reduced to zero. A passing criterion of six 
out of 10 would give a measure which would be approximately an 
average for the two principal meridians. 

The same type of result can be obtained with a double broken 
ring oriented in four different positions with the gaps always at posi- 
tions which are oblique to the principal meridians. 

In the tests described up to this point, it is necessary to know the 
positions of the principal meridians and to orient the target accord- 
ingly. It is possible to design a test, however, which employs eight 
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positions of the broken ring instead of four and pays no attention to 
the position of the gaps with respect to the principal meridians. Let 
us assume that by chance two pairs of these positions correspond to 
the principal meridians. There is a level of size of test object below 
which the chance of guessing a correct answer is one out of eight. At 
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Fig. 9. The psychophysical function for the judgment of the position of the gap in the 


Landolt broken ring which is presented with the gap in eight different positions cor- 
responding to the principal meridians and the intermediate meridians of an astigmatic eye 


Fig. 10. The psychophysical function for the judgment of the position of the gap in a 
Landolt ring which is presented in eight different positions corresponding to meridians 
11.25° and 33.75° from the principal meridians of an astigmatic eye. 

Fig. 12. The psychophysical function for the judgment of the position of the checker- 
board in the checkerboard pattern 


a slightly higher level the subject can detect the gap when in one 
meridian, and hence he always gets two positions correct and his chance 
of guessing any other position correct is one out of eight. The expected 
percentage of correct answers would be 34.37 per cent. At a still higher 
level he would be able to detect gaps in the most blurred meridian and 
the oblique meridians, but not in the least blurred meridian. He 
would always get six positions correct, but his chance of guessing one 
of the other positions would still be one out of eight. At a still higher 
level he would be able to get all positions. The psychophysical func- 
tion is shown in Figure 9. 

Theoretically a criterion of two out of 10 would give a measure 
representing the least blurred meridian, and nine out of 10 should 
give a measure representing the most blurred meridian, but the ranges 
between 12.5 and 34.37 and between 78.12 and 100 are small com- 
pared to the range from 34.37 to 78.12, and hence it is much more 
satisfactory to use six out of 10, which represents an average of the 
measures for the two principal meridians. 

If by chance the principal meridians should fali at positions inter- 
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mediate to the gap positions, the psychophysical function would have 
the form shown in Figure 10. For small sizes the chance of guessing 
the position would be one out of eight. As the size increases a level 
would be reached at which four of the eight positions could be seen, 
but the other four positions would have to be guessed with the chance 
of a correct guess being one out of eight. The expected percentage of 
correct guesses would be 56.25. Finally a level would be reached at 
which all positions could be seen. If the criterion were set at six, which 
is most satisfactory when the major axis corresponds to one of the 
gap positions, this would fall close to the plateau, and hence the 
measure would not be precise but at least would represent a measure 
close to the average of the acuities for the two principal meridians. 

Since the broken ring test depends upon the recognition of the 
position of the gap rather than the perception of a distinct gap, one 
can use the indentations in the intensity distribution at the gap as a 
criterion of the position of the gap when the gap itself is not visible 
as a gap. At this point the interpretation of blurred imagery enters 
into the picture, and the results would be expected to be affected by 
the degree of skill acquired. In other words this test does not eliminate 
the influence of skill in the interpretation of blurred imagery. 


THE CHECKERBOARD PATTERN 

The checkerboard pattern (Figure 11) incorporated in the Ortho- 
Rater is presented only once for each size of target and is always oriented 
in one direction, but in order to evaluate what the target measures it 
has to be assumed that it is presented enough times to determine the 
psychophysical function, and to simplify the problem let us consider 


Fig. 11. Bausch & Lomb checkerboard pattern. 
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only the special cases in which the rows of squares are parallel to, 
or 45° from the principal meridians. 


5. 32 


Blur 
Ellipse 


ight 
Retinal Image = 


Test Object Fig.13 


Fig. 13. Distributions of intensity on the retina of an astigmatic eye produced with a 
checkerboard pattern oriented in different directions with respect to the blur ellipse. 


The checkerboard is presented along with four other squares from 
which is must be differentiated. The checkerboard pattern may be in 
either of four positions, and hence when the checkerboard cannot be 
differentiated from the other squares the chance of a correct guess is one 
out of four. Hence the form of the psychophysical function is illus- 
trated in Figure 14. Six correct answers out of 10 represent a satis- 
factory criterion for passing. 

The upper part of Figure 13 illustrates the case in which the 
rows of squares are parallel to the principal meridians. The bright 
squares in each row parallel to the most blurred meridian tend to spread 
out in the direction of the major axes of the blur ellipses and obliterate 
the dark gaps between them. One could expect to obtain the same 
answer as would be obtained with a grating with the bars perpendicu- 
lar to the most blurred meridian. 

The lower part of Figure 13 illustrates the case in which the rows 
of diamonds are parallel! to the most blurred meridian. In this meridian 
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the blurred diamonds overlap forming alternate light and dark bands 
parallel to the most blurred meridian. In this case the acuity measured 
corresponds to that of the least blurred meridian. 

The checkerboard pattern minimizes the importance of the inter- 
pretation of blurred imagery. 


A SINGLE DISK AS A TEST OBJECT 

One can also use a disk as a test object for measuring unaided 
acuity. The distribution of intensity produced by this type of test 
object is shown in Figure 14. This test object has the unusual prop- 
erty that the score is not dependent on the orientation of the principal 
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Fig. 14. Distribution of intensity on the retina of an astigmatic eye produced by a disk- 
shaped test object. 


meridians, i.e., changing the orientation of the major diameter of the 
blur ellipse will not affect the threshold. Increasing the length of the 
longest diameter of the ellipse will decrease the contrast but will also 
change the length of the blurred image, and the increase in length com- 
pensates the loss in contrast and the threshold will remain essentially 
unchanged. The shortest diameter of the blur circle determines the 
threshold, and therefore the measure of acuity represents a measure for 
the less blurred of the two principal meridians." * 


SINGLE AND MULTIPLE PARALLEL BARS 

A single bar, or a pair of parallel bars or a grating consisting of 
parallel bars, can be used to measure the acuity in any given meridian, 
i.e., in either of the principal meridians or in any other meridian. 

A target consisting of a single bar or two or more parallel bars 
has the advantage that the effect produced by a blur ellipse is equiva- 
lent to that produced by a blur circle, which has a diameter equal to the 
distance between the lines which are tangent to the ellipse and parallel 
to the bar or bars. Except at the ends of the bar or bars the iso- 
illumination lines in the retinal image are parallel to the bars and hence 
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the distribution of intensity along a line across the retina perpendicular 
to the image of the bar or bars gives a fairly adequate description of 
the total picture. 

If one keeps the size of the blur circle constant and decreases the 
overall size of a pair of bright bars, the distributions instead of gradu- 
ally fusing to give a unimodal distribution will become transformed 
to a trimodal distribution with the new maximum appearing at the 
center of the distribution. 

In the case of three bright bars, trimodal distribution becomes 
transformed to quadrimodal distribution with a new minimum at the 
center which is much more pronounced than the other two minima. 

The same sort of problem is encountered with the checkerboard 
pattern. 

This sort of behavior indicates the desirability of blurring the 
borders of the test object at the-outset, or using a single line and de- 
pending on the threshold as a criterion of blurredness. 


CONCENTRIC RINGS 

Concentric rings are useful when one can trust the subject to 
report what he sees. This target does not have to be rotated to get it 
aligned with the principal meridians. It can be used to measure acuity 
for either the most blurred or least blurred of the two principal merid- 
ians. It has the further advantage that the target is applied to both prin- 
cipal meridians at the same time. 


SUMMARY AND CONCLUSIONS 

There are many other types of test objects which might be inves- 
tigated but the ones which have been considered are suffice to illustrate 
the problems involved in interpreting unaided vision data. The pro- 
cedure described in this paper represents merely the first step in validat- 
ing a test of unaided vision. 

This type of investigation ought to be supplemented by an ex- 
perimental demonstration of the psychophysical functions using a 
subject with an emmetropic homatropinized eye and an artificial pupil 
and throwing the eye out of focus with spheres and cylinders. 

One could carry the investigation further by using a group of 
subjects with different amounts of refractive error and determine the 
correlation between refractive errors and visual acuity, provided accom- 
modation and pupil size were controlled. 
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CHROMATISM IN BIFOCAL SEGMENTS* 


F. W. Sinny 
Pennsylvania State College of Optometry 
Philadelphia, Pennsylvania 


Text books on physical and geometrical optics cover quite com- 
pletely the general condition of chromatism in lenses, but for some 
unexplainable reason the literature on chromatism in bifocal lenses is 
far from adequate. Many text books and articles on this subject, written 
by men whose knowledge of optics is well recognized, contain incorrect 
or misleading statements. In general, these texts or articles state or imply 
the so-called ‘“‘principle of achromatism,”’ i.e., “‘that an achromatic 
doublet consists of a convex crown glass lens and a concave flint glass 
lens.’’ Then this statement is followed with the conclusion that inas- 
much as the fused bifocal lens consists of a concave crown lens and a 
convex flint lens, the construction of the fused lens is inherently at fault. 

It is the purpose of this mathematical investigation to determine 
the chromatism for various lens powers and additions of the general 
bifocal types. It is not the purpose of this paper to discuss chromatic 
aberrations in general as this subject is covered in any text book on 
geometrical optics. Further it is not the purpose of this paper to treat 
other characteristics of bifocal lenses that need to be considered in pre- 
scribing. From fundamental optical theory the following expression has 
been derived, which expresses the chromatism for the combination of 
two thin lenses in apposition: 

D’ and D”’ represent the powers of the two lenses and V’ and V”’ are 
respectively the relative reciprocal dispersions (Nu values) of the two 
types of glass used in making the lenses D’ and D”’. 

When the values of D’, D’’, V’, V”’ are such that the value of 
this formula is zero, then we have what is called an achromatic doublet, 
a lens free from color (within certain limits). The conditions necessary 
for achromatism in a doublet are that the dioptric powers of the two 
lenses be opposite in signs and the Nu Values be in the same ratio as 


*Read before the Annual Meeting of the American Academy of Optometry, Chi- 
cago, Illinois, December 14, 1948. For publication in the May, 1948, issue of the 
AMERICAN JOURNAL OF OPTOMETRY AND ARCHIVES OF AMERICAN ACADEMY OF 
OPTOMETRY. 

*Optometrist. Fellow, American Academy of Optometry. 
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the dioptric powers. It also follows that an achromatic doublet having 
a positive focal length (plus lens) will consist of a convex crown glass 
lens and a concave flint glass lens, and that an achromatic doublet hav- 
ing a negative focal length (minus lens) will consist of a concave crown 
glass lens and a convex flint glass lens. From this it is obvious that the 
so-called ‘‘principle of achromatism’’ mentioned in the beginning of 
this paper applies only to achromatic doublets having a positive focal 
length. 

Three general types of bifocals were selected for this mathematical 
analysis: the kryptok type, any fused bifocal made from crown glass 
and flint glass; the nokrome type fused bifocal, any fused bifocal crown 
glass and barium crown glass; and the one-piece or ultex bifocal type, 
made from crown glass. The refractive indices for ‘‘D’’ light and the 
Nu (V) values of the glasses selected for these bifocals are as follows: 


Kryptok—glass for major portion—n = 1.523, V = 58.6 
glass for segments in adds up to two diopters 
inclusive—n = 1.616, V = 38.6 
glass for segments in adds over two diopters 
n = 1.690, V = 30.9 


Nokrome—glass for major portion—n — 1.523, V = 55.1 
glass for segments—n = 1.616, V = 55.1 


One-piece or ultex—n == 1.523, V = 58.6 


The chromatism was calculated in diopters for the reading por- 
tions of these three types of bifocal lenses for lens powers from minus 
20 diopters to plus five diopters for additions of one, two and three 
diopters. (It should be noted that a change in the refractive indices and 
Nu values will result in a change in the chromatism, but this will only 
shift the following graphs slightly to the right or to the left, but will 
not materially change the general conclusions. ) 


Tables 1, 2, 3 and Graphs 1, 2, 3 show the chromatism for these 
three types of bifocal lenses for various lens powers and additions of 
one, two and three diopters respectively. It will be noted that the chro- 
matism of the kryptok bifocal lens varies considerably from that of the 
other two types. (Actually the nokrome and ultex bifocals, as far as 
chromatic aberration is concerned, are one type. The nokrome bifocal, 
using glasses for the major portion and the segment of the same Nu 
values, results in a lens having the same dispersive properties as an 
ultex lens, excepting that its Nu value is slightly lower.) 


Table I 
CHROMATISM IN DIOPTERS FOR +1.00 DIOPTER ADD 
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Dist. Rx 


Kryptok 


+0.16 
+0.14 
+0.13 
+0.11 
+0.09 
+0.08 
+0.06 
+0.04 
+0.025 
+0.01 
—0.01 
—0.026 
—0.04 
—0.06 
—0.08 
—0.09 
—0.13 
—0.145 
—0.16 
—0.18 
—0.20 
—0.21 
—0.25 
al. 26 


Nokrome 


+0.11 
+0.09 
+0.07 
+0.05 
+ 0.04 
+0.02 
0.000 
—0.02 
—0.04 
—0.05 
—0.07 
—0.09 
—0.11 
—0.13 
—0.145 
—0.16 
—0.18 
—0.20 
—0.22 
—0.24 
—0.25 
—0.27 
—0.29 
—0.32 
—0.34 
—0.36 


One-Piece 


+0.10 
+0.085 
+0.07 
+0.05 
+0.034 
+0.017 
0.000 
—0.017 
—0.034 
—0.05 
—0.07 
—0.085 
—0.10 
—0.14 
—0.15 
37 
—0.19 
—0.20 
— 
—0.24 
—0.255 
37 
—0.29 


Table II 
CHROMATISM IN DIOPTERS FOR A +2.00 DIOPTER ADD 


Kryptok 


Nokrome 


+0.13 
+0.11 
+0.09 
+0.07 
+0.05 
+0.036 
+0.018 
0.000 
—0.018 
—0.036 
—0.054 
—0.07 
—£).09 
—0.11 
—0.13 
—0.145 
—0.16 
—0.18 
—0.20 
—0.22 
—0.24 
—0.25 
—0.27 
—0.29 
—0.32 
—0.34 


One-Piece 
+0.12 
+0.10 
+0.085 
+0.07 


+5 
+4 
+3 | 
+2 
+1 
0 
--2 
— : 
—10 
| 
—12 
—15 
—16 
—18 
—19 
—20 
Dist. Rx > 
+5 +0.24 
+4 +0.22 
+3 +0.20 
+2 +0.19 
+1] +0.17 +0.05 — 
0 +0.15 +0.034 
+0.13 +0.017 
+0.12 0.000 
+0.10 —0.017 
+0.08 —0.034 
—§ +0,07 —0.05 
—6 +0.05 —0.07 
—7 +0.03 —0.085 
—-8 +0.015 —0.10 = 
—10 —0.02 —0.14 
0.036 —0.15 
—12 —0.05 —0.17 
—13 —0.07 —0.19 
—14 —0.09 —0.20 
—15 —0.10 —0.22 
—16 —0.12 —0.24 
—17 —0.14 —0.255 
—0.155 ad. 27 
—19 —0.17 —0.29 
—20 —0.19 
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For a one diopter addition the kryptok bifocal lens in lens powers 
above minus three diopters has the least chromatism; for a two diopter 
addition the kryptok bifocal lens in lens powers above minus six diopters 
has the least chromatism; for a three diopter addition the kryptok 
bifocal lens in lens powers above minus nine diopters has the least 
chromatism. For all other lens powers the one-piece or ultex bifocal lens 
has the least chromatism, although the chromatism in the nokrome 
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GRAPH II 
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Table Ill 
CHROMATISM FOR +3.00 DIOPTER ADD 


Dist. Rx Kryptok Nokrome One-Piece 


+0.33 Dio. +0.15 Dio. +0.14 Dio. 
+0.31 40.13 +0.12 
+0.29 +0.11 +0.10 
+0.28 +0.09 +0.08 
+0.26 +0.07 +0.07 
+0.24 +0.05 +0.05 
+0.22 +0.04 40.03 
+0.20 +0.02 +0.02 
+0.19 0.00 0.000 
+0.17 —0.02 —0.017 
+0.15 —0.04 —0.034 
+0.14 —0.05 —0.05 
40.12 —0.07 —0.07 
+0.10 —0.09 —0.08 
+0.09 —0.11 —0.10 
+0.07 —0.13 
+0.05 —0.14 —0.136 
+0.04 —0.16 —0.15 
+0.02 —0.18 —0.17 
0.00 —0.20 —0.19 
—0.02 —0.20 
—0.03 —0.24 —0.22 
—0.05 —0.25 —0.24 
—0.07 —0.27 —0.26 
—0.08 —0.29 27 
—0.10 ai. 92 —0.29 


bifocal lens does not differ appreciably from that of the one-piece or 
ultex. 

In conclusion it can be stated that there is not one best overall 
type of bifocal for minimizing chromatism. The solution of the color 
fringes in bifocal lenses does not lie in any one type of bifocal, but 
rather in the judicious selection of the bifocal type according to lens 
power and addition. 
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INVESTIGATION OF THE VARIATION AND THE 
CORRELATION OF THE OPTICAL ELEMENTS 
OF HUMAN EYES*§ 


Solve Stenstrom?+ 
Med. lic., Gbg. 


Translated by Daniel Woolft 
Columbia University Optometry Laboratory 
New York, New York 


PART I 
FOREWORD 

For a long time it has been one of ophthalmology’s unfulfilled 
wishes to be able to measure the axial length of living eyes, in order to 
obtain a definite basic concept of-its variation, a subject most important 
in the science of refraction. It was only when Rushton published his 
method of measuring the axial length rontgenologically that this wish 
was fulfilled. In 1944, I, together with Harry Larsson, had the oppor- 
tunity to try this method in the Rontgenological Department of Sahl- 
gren's Hospital, where we were principally engaged in the problem of 
the localization of foreign bodies in the orbit by Rontgen rays, and 
where I was able to establish the excellence of the method for the phys- 
iological measurement of the axial length on large groups of individuals. 

This paper is primarily a statistical study of the length of the 
axis of the eye and its correlation with the other optical elements, car- 
ried out in the ophthalmological clinic of the University of Upsala. At 
this point I would like to express my humble thanks to my chief, Pro- 
fessor Frederick Berg, for the great interest that he gave to this work 
and for the many worthy suggestions that he offered to me during its 
progress. | am obliged to Sister Inga Hoffman for her assistance in the 
comprehensive calculations. Mr. Alfred Wahlstrom receives my grati- 
tude for his especially careful translations. In addition, I would like to 
express my obligation to Miss Inga Ljunggren who made the excellent 
and accurate diagrams, and to Mr. Hans Larsson, optician, for his 
assistance in preparation of the apparatus for measuring the axial length. 
Finally my thanks are due to all those who have aided in obtaining 
subjects. 


*From the Ophthalmological Clinic of the University of Upsala. Professor Fred- 
erick Berg. Chief 

fOprometrist. Fellow. American Academy of Optometry. 

*UPSALA 1946. Appelbergs Boktryckeri A.-B. 

$ The first of six chapters. The second chapter will appear in the June issue. 
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Economic support was provided by the Regnell fund of the Medi- 
cal Faculty as well as from their government research funds. In 1945-6, 
I received the government stipend for graduate medical research. 


TRANSLATOR’S NOTE 

Recognition of the fundamental value of this paper in opening 
new avenues in optometric research was the motivating factor in under- 
taking this translation, rather than any particular linguistic ability. I 
am indebted to Edwin W. Bechtold, Margaret B. Compter and Clifford 
L. Treleaven, of the Columbia University Optometry Staff, and to 
Sylvia H. Woolf for assistance. 


CHAPTER I 


INTRODUCTION 

In spite of great progress made in recent years in the science of 
refraction of the human eye, a number of problems still exist. The 
emergence of a more exact knowledge of the factors underlying the 
refractive error is handicapped by the insignificant information avail- 
able from investigations that are both comprehensive and correlated. 
Formidable studies of some of these factors have been made, which are 
accurate and detailed; as, for example, the corneal curvature and the 
static refraction. These two factors have been correlated and an appar- 
ently accurate formula representing a valuable statistical relationship 
obtained. However, an idea of the important correlations between all 
the various dioptric elements of the eye can only be obtained when all 
these elements are studied on the same material. 

What is to follow was clearly stated in the foreword: that earlier 
investigators knew no method of measuring the length of the eyeball in 
vivo, although this factor vies with the corneal refracting power for the 
position of being the most important element in determining the re- 
fractive state. Naturally an accurate picture of the relationship of all 
these dioptric elements can only be obtained when their variation is 
known, when the length of the eyeball is brought in, and finally when 
the manner in which its variation relates with that of the other optical 
factors has been analyzed. 

The writer of this paper has attempted to answer the question of 
the variation of the axial length in various refractive states; and by 
measurement and calculation, to provide a clear insight into variation 
of the other optical elements.’ Only then, on the basis of a knowledge of 


1 The term “‘optical constant’’ ought to be avoided at this time since it is illogical 
in this connection. The term “‘element’’ is used in its broadest sense and is applied to com- 
plex optical factors such as the total refracting power. 
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all these factors, can one form a reasonably accurate idea of the signifi- 
cance of a curve representing the distribution of refractive errors. 


REVIEW OF EARLIER WORK ON OCULAR REFRACTION* 

Two periods can be discerned in the development of the history 
of the science of refraction. The first period began with the fundamental 
discoveries: the error of refraction, ocular symptomology, and the 
optical basis of the latter. At that time the approach to the problem 
overemphasized the optical perfection of emmetropia as one type of eye; 
in contrast myopia and hyperopia were considered as another type. This 
concept contrasts with that which considers emmetropia as lying between 
hyperopia and myopia. Studies on various ocular properties in those 
days were undertaken only for classification with respect to these three 
groups. The chief question concerned the causes and nature of myopia, 
partly because of the visual handicaps and partly because of those num- 
erous anomalies which are mose often encountered in myopia than in 
other refractive states. With some exaggeration we can consider the 
following statement by Gallus (a) as typical: ““Only myopia, which is 
caused by an elongation of the eyeball aroused the interest of the in- 
vestigator.’’ This period saw the development of numerous theories 
about myopia. All had in common that the pathological elongation in 
myopic eyes could be explained. It was usually believed that the cause 
was near-work although opinions were widely divergent on how the 
increase in axial length could be produced. To go into these theories here 
is unnecessary because on the whole they possess only theoretical interest 
and also because Steiger (c) has prepared a detailed compilation of them. 

The second period began at the time that statistical techniques 
were frequently applied in the biological sciences. They were first applied 
to the origin of spherical refractive errors in 1913 by Steiger who was 
interested in the origin of myopia not as an isolated problem but as part 
of the whole question of refractive error from the point of view of sta- 
tistical variation. “Indeed it cannot be overemphasized that an expla- 
nation of emmetropia is required, rather than of the variations to either 
side of emmetropia."’ According to Steiger’s work, the error of refraction 
could be stated as a resultant of a free combination of the various opti- 
cal elements involved, each exhibiting its own normal distribution curve. 
The corneal refracting power and the axial length were the principal 
factors. For the former Steiger established that a normal distribution 


* The principal discussion here concerns those investigations which have experimental 
results. A digest of the theoretical papers on the theory of refraction particularly from a 
scientific standpoint was made by Rieger. Those studies which deal with correlations will 
be taken up in the discussion 
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exists. However, in his theory the influence of variation in the depth 
of the anterior chamber and that of the refracting power of the lens 
were neglected except for their schematic values. He gave no satisfactory 
explanation for his distribution curve of total refracting power which 
sharply departs from a normal distribution curve in that it has a pro- 
nounced leptokurtosis, and a long extension into myopia. Some later 
investigators have attempted to obtain a clearer concept of the distribu- 
tion of total refraction power in the adult population by comprehensive 
statistical studies; others tried to throw light on the questionable points 
in Steiger’s theory by refining the statistical analysis. Naturally other 
methods of attacking the problem were investigated such as inherit- 
ability (through research on twins and lineage). These other methods 
do not lie within the framework of the present discussion and will not 
be reviewed. 

The problem as a whole can be outlined here: first the variation of 
the individual optical elements will be examined; then a consideration 
of their correlation with the variation of the total refracting power; and 
finally an attempt at explanation of their special or significant properties. 

1. THE RADIUS OF THE CORNEAL CURVATURE within the optical 
zone (and the resulting corneal refracting power) is that element which 
has been subject to the most comprehensive study, probably because the 
techniques of investigation are so simple. Of the earliest investigators 
who employed such techniques, only Donders (cited by Hess) has 
listed his results. He found values ranging between 7.13 and 8.91 mm. 
The mean obtained from numerous studies of different investigators is 
7.8 mm (Hess). Female corneas, on the average, are more highly curved 
than male (Donders, Steiger) (a), but the difference between the means 
is insignificant and the ranges of distribution are the same (Steiger). 
Bourgeois and Tscherning found that the corneal refracting power of 
203 males between 20 and 25 years-of-age showed good agreement with 
a normal distribution curve. Subsequently Steiger (c) showed that 
5,000 children’s eyes averaged 43.5 D. with a range of 8 or 9 D. 
Leibowicz has investigated the distribution of the corneal refracting 
power of 20,000 astigmatic eyes and has also found it normal with a 
mean of 43.5 D. and with limiting values of 36 and 50 D. Stromberg’s 
material contained over 5,000 eyes, showed a normal distribution and 
gave a mean of 43.26 D (horizontal meridian). Czellitzer’s, Tron’s 
(a) and Waardenburg's material is not sufficiently representative in 
this respect to permit a reliable conclusion, but it does not stand 
opposed to a normal distribution. Steiger’s work shows that a weak 
negative correlation exists between the corneal refracting power and the 
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total refracting power. The corneal refracting power displays a normal 
distribution within each of the intervals into which refractive errors 
can be grouped, which is the reason why scanty material, such as that 
of Tron, gives an apparently normal distribution to the cornea for the 
entire range. 

Czellitzer’s table of correlation, containing data on 564 eyes, 
showed a very slight but definite negative correlation between the total 
refracting power and that of the cornea. No better statistical analysis of 
this subject has as yet been undertaken. 

The available work shows that the corneal refracting power varies 
normally; that its mean lies between 43.0 - 43.5 D:* and that the 
range of vartation is over 10 D. 

2. INVESTIGATIONS OF THE RADIUS OF THE POSTERIOR CORNEAL 
SURFACE and of THE REFRACTIVE INDICES OF THE MEDIA will be 
alluded to in the chapter regarding the errors of the techniques em- 
ployed. 

3. We arrive at the question of the DEPTH OF THE ANTERIOR 
CHAMBER. ‘ Numerous measurements obtained by different methods 
will be considered. To examine these studies in all details can only fall 
short of the papers of Raeder and Rosengren (b) whose exhaustive 
surveys, among others, consider the methods used and give the results 
obtained. The following table shows some of the more important 
earlier results. Since they are usually not based on sufficiently large 
samples and since the material is not of a uniform age level a definite 
conclusion cannot be stated. However, the studies show with apparent 
uniformity a mean depth of about 3.5 mm. for the anterior chamber. 

The decrease in the depth of the chamber with age has been known 
for some time and has been recently confirmed by Raeder and Rosengren. 
As for the correlation between the depth of the chamber and the re- 
fractive error, the earlier investigators showed that the depth is some- 
what less in hyperopia and somewhat greater in myopia than in em- 
metropia. But an exhaustive statistical study has not been made. I have 
Raeder’s cases, numbering 104, of ages between 20 and 40 years which 
were compiled from this point of view.° The average depth was 3.58 
+0.03 mm. with a standard deviation of +0.31 +0.02. 


3 The refractive index used is 1.3375 corresponding to Javal's figure. Those who 
use a value of 1.336 will find the men to be about 0.2 D. less. 

* Here as is usually the case, the so-called depth of the chomber is understood to be 
the distance from the anterior corneal vertex to the anterior pole of the lens and correctly 
includes both the thickness of the cornea and the actual depth of the chamber. 

5 Here Raeder’s value was raised 0.1 mm. for Group 1 so that. according to his 
views, a better comparison can be made with the results of other methods. 
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TABLE 
Depth of 
Number of Anterior 
Refractive of Eyes Chamber. 
Investigator Error Observed (mean) mm 


Helmholtz 


Platenga Myopia 
(Donders’ method) Emmetropia 3.04 
Hyperopia 2.87 


Awerbach Myopia 
(Tscherning’s method) Emmetropia 
Hyperopia 


Zeeman Myopia 
(Tscherning’s method) Emmetropia 
Hyperopia 


Lindstedt Myopia 
(15-50 yrs.) Emmetropia 97 
Hyperopia 69 


WWW 


Rosengren’s comprehensive work exhibits a normal distribution 
for the depth of the anterior chamber as shown in Figure 1. As pre- 
viously mentioned Tron’s material is insufficiently representative and 
hence the distribution curve presented by him has practically no value. 


Fig. 1. Frequency distribution curve of the depth of the anterior chamber (after 
Rosengren (b). Number of eyes, 810. Mean corrected to age 70, 3.14 mm. Standard 
deviation, + 0.31. 


To sum up, tt can be said that the earlier studies show a normal 
distribution for the depth of the chamber with a mean value of 3.5 mm.° 
and a standard deviation of about +0.30 mm.; and also that the varia- 
tion of the depth and that of the refractive error are unmistakably cor- 


related. 
4. There are satisfactory studies on the variation of the corneal 


® This value is acceptable for the ages of 20 to 40 years. Rosengren’s diagram is 
computed for age 70 so that the mean value used here is somewhat smaller. 
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refracting power and the depth of the anterior chamber, but our knowl- 
edge of the VARIATION OF THE CRYSTALLINE LENS is more meager 
because of the considerable difficulty inherent in obtaining information 
about it. Fundamentally there are but two possible ways of investi- 
gating the refracting power of the lens, each involving study of the 
optical properties of the lens in vivo. Both methods are subject to im- 
portant sources of error. Estimation of the refracting power of the lens 
on the basis of the changes in refraction after lens extraction is a theo- 
retically good possibility but before surgery the refractive error and the 
depth of the chamber are usually not known in these cases. In addition 
the power of a cataractous lens deviates from the normal; consequently 
this method can only give a crude or general value. 

Studies on post-mortem eyes do not contain many cases; among 
others Dalen has worked on the problem. Because investigations of 
non-living eyes give results that’may not be useful for obtaining the 
correct value for living eyes as Dalen himself emphasized (‘‘Measure- 
ments on post-mortem eyes are only transferred to living eyes with 
caution.''), they shall not be cited here. 

The measurements on living eyes are valuable although as men- 
tioned they contain considerable errors and as far as is known, not many 
cases were studied because of the technical difficulties involved. Some 
: individuals have investigated the problem: von Helmholtz, Rosow, 
Knapp, Mandelstam, and Scholer and Stadfeldt. Some results are in 
the following table. 


TABLE 2 
Refracting Power 

Investigator Refractive Error of the Lens 
Adamuk~ - - - - - - - —1.3 20.1 
0 22.3 
+1.0 21.6 
+2.2 20.7 
Stadfeldt —5.0 17.5 
—1.0 18.5 
0 17.6 
0 17.8 
0 18.3 
75 
+1.0 18.4 
+1.0 19.6 
+1.0 19.1 


Tron (a) has collected a large number of cases which were in- 
vestigated with the help of Tscherning’s Ophthalmophakometer. Some 
of the cases were his own, the rest those of Zeeman and Averbach. 
Berg (b) later objected to the method of calculation used for the crys- 
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talline lens, which gave the high value of 25.99 D. and a range of 20 
to 34 D. All the other work is in opposition to this result. By virtue of 
Berg's criticism, Tron corrected the errors of computation for the lens 
in a later paper. Unfortunately the mean value and the distribution are 
not given but the range was recalculated to be 15.25 D. to 25.76 D. It 
is true that Tron’s data permits no definite statistical result on the dis- 
tribution because it is insufficiently representative. On the other hand 
it can be used to obtain some idea of the correlation of the refraction 
of the lens and the refractive error. For this reason I have collected the 
cases so that the foregoing correction for the power of the lens as well 
as a conversion of the vertex refraction to principal point refraction (for 
the refractive error) could be undertaken. However, it is unfortunate 
that the values obtained are uncertain, as Zeeman has explicitly em- 
phasized. 

As shown in Table 4, Goldmann and Hagen have determined the 
power of the lens—and the axial length and total refracting power as 
well—on a small number of cases using Rushton’s method. He obtained 
a mean value of 19.93 D. for the lens. 

Summing up, it can be stated that the previous work on the 
power of the lens supports a mean value of 19 to 20 D. and shows a 
significant variation. We are not entirely certain whether the power 
of the lens possesses a normal distribution, nor how its variation corre- 
lates with the refractive error or with the variation of the other dioptric 
factors. 

5. Concerning THE AXIAL LENGTH OF LIVING EYES, previously 
no method for its measurement was at our disposal. Consequently we 
have very scanty information about its variation. What meager knowl- 
edge we have has been built in part on measurements of either enucleated 
or post-mortem preparations, which are usually altered thereby so that 
one cannot be certain of their state of refraction. Often they are patho- 
logically abnormal. Moreover, a large degree of uncertainty is inherent 
in computation of the axial length from the data of the optical system 
in living eyes, since the refraction power of the lens cannot be meas- 
ured with greater accuracy. In aphakia the axial length can be com- 
puted with greater accuracy because of the relatively simple optical 
system. 

When we consider direct measurement, we find that remarkably 
little work has been done, particularly with eyes where the refractive 
error is known. The mean external length of the axis for the normal 
eye is 24.27 mm. (average of many investigations, Eisler). Of course, 
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other workers have made comparable measurements but usually on a 
small number of cases, often highly myopic. An extremely small num- 
ber of hyperopic eyes have been studied, and furthermore, the work 
was affected by the earlier one-sided attitude toward the problem of 
refraction. Some typical results will be found in Table 3. 

Many investigators obtained a value for the axial length by com- 
putation from the optical system, usually employing a schematic value 
for the power of the lens, with the result that no accurate picture of 
the variation of the axial length could be given. This type of computa- 
tion was employed by Stromberg on over 5,000 eyes using as a basis 
Gullstrand’s values of 19.11 D. for the refracting power of the lens 
and 5.68 mm. for the distance from the corneal vertex to the center 
of the lens. We can scarcely agree with ‘Stromberg’s comment that 
‘. . . moreover, the errors made in making lens measurements would 
defy calculation, so that the greater accuracy apparently obtained by 
considering variations in the refraction of the lens would be spurious.” 
However, the mean of about 24.0 mm. might be considered acceptable. 
The dispersion of + 0.63 is obviously too small if, as happened here, 
the variability of the lens was eliminated. All in all, it can be said as 


TABLE 3 
Outer Outer 
Refractive Axial Refractive Axial 
Investigator State Length Investigator State Length 
Arlt —2.9 27.36 Marschke —4.0 27.5 
(cited by —2.9 26.36 —10.0 28.0 
Donders ) —4.0 27.36 —10.0 28.0 - 
—4.0 28.56 —14.0 32.0 
27.36 —15.0 30.5 
—11.4 30.76 approx. —20.0 32.0 
—5.7 27.36 approx. —15.0 29.5 
—11.4 29.56 approx. —25.0 34.0 
Heine -0.0 27.0 Schnable Emmetropia 22.0to* 
4.25 275 and (23 eyes) 25.0 
10.0 28.0 Herrnheiser —2.0 23.0 
-10.0 27.0 —2.0 24.0 
—15.0 —2.0 25.0 
approx. —15.0 32.0 —2.0 25.5 
—+4.0 24.5 
Leber +3.0 17.5 —5.0 25.0 
(V. Hippel’s case. —5.0 25.0 
Microphthalmus) —5.0 26.0 
Marschke +3.0 23.0 —6.0 24.0 
0 25.0 —6.0 25.0 
0 22.0 —6.0 25.0 
0 22.0 —8.0 26.0 
0 25.0 
0 23.5 
25.5 
—3.0 25.0 *Mean value 23.9 mm. 
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Czellitzer has emphasized, that computation of the axial length from 
the refracting power with both the depth of the anterior chamber and 
the power of the lens held constant is insufficiently exact to compare 
its variation with that of refractive error. 

Tron (a, e) has collected material for computation of the axial 
length where the power of the lens was measured. The distribution 
curve clearly shows skewness and leptokurtosis, but we must bear in 
mind that his cases are not sufficiently representative. Measurements by 
Rushton’s method, as previously mentioned, were published by Gold- 
mann (Table 4); his mean value is 24.79 mm. Recently Sorsby and 
O'Connor have used the same method in five cases. This data is insuffi- 
cient to permit statistical inference. 

The earlier work on the axial length of the eye also shows a mean 
value in the region of 24.0 mm. with a range of from 20 to 33 mm. 
The distribution shows probable leptokurtosis, and with certainty a 
positive skewness. 

6. Investigations of the TOTAL REFRACTING POWER are found 
only in Tron’s work. His data will be entered together with mine and 
Goldmann and Hagen’s as well (see Table 4). The average obtained by 
combining the data of both of these authors is 59.63 D. 

7. Let us now turn to the work on the distribution of the TOTAL 
REFRACTING POWER and consider the details. 

An untold quantity of work exists on the distribution of refractive 
error relative to age. Randall compiled the earliest in 1888 and since 
then many more have seen the light of day. This matter has little inter- 
est for us so that it will not be considered. 

In contrast to this, the work which attempts to give an idea of the 
distribution of the total refracting power in the adult population is not 
as voluminous. The conditions for such an investigation require a large 
number of cases, using representative samples; and at the same time the 
technique employed must be exact. Only three studies fulfill these re- 
quirements even partially: Scheerer and Betsch, Kronfeld and Dewney, 
and Stromberg.’ 

Scheerer and Betsch’s work contained not less than 12,000 cases 
over 25 years of age, taken from polyclinics. To insure representative 
cases, only those that did not show diseases involving dioptrics were 
accepted. No objection can be raised to this procedure. On the other 
hand, the exclusion of all astigmatic cases may introduce a source of 
error. It is impossible to separate astigmatic from non-astigmatic eyes 


7 Gallus (b) carried out a study on 10,000 eyes, but gives no details on the selection 
of cases. The data of van der Meer as cited by Wibaut (a) is not representative. 
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by a sharp line of demarcation, because the number of diagnosed cases 
increases with the precision of the investigation so that the number of 
ametropic eyes remaining after this selection becomes too small, and 
because there is a positive correlation between astigmatism and spherical 
ametropia particularly in the higher degrees. Furthermore, experimental 
accuracy is not practical when polyclinic cases are used, so that the 
hypermetropic data is shifted in the direction of emmetropia. As a con- 
sequence the peak of the curve is at emmetropia. 

Kronfeld and Dewney’'s data is on over 2,000 eyes aged 25 to 30 
years. It is less representative than the former since the cases were taken 
from the files of a private office. The cases were examined under atropine. 
As the authors emphasize, in United States, such cases would not give an 
unrepresentative sample since the patients consult the oculist with the 
idea of prophylaxis, and atropine examination is used routinely. The 
occurrence of myopia is greater than in Scheerer and Betsch’s subjects. 
Kronfeld and Dewney have taken a middle position with reference to 
astigmatism in that cases with up to 0.50 D. were included. Because 
they worked under cycloplegia, the maximum of their curve is shifted 
to the hyperopic side, at about +-1.0 D. 


TABLE 4 
Refractive Axial —Power of the— Total 
Case Age State Length Cornea Lens Refracting Power 
l 29 0 24.1 42.0 23.5 61.0+0.73 
2? 27 0 43.0 57.9+0.74 
3 35 0 22.2 44.0 19.2 62.1+0.93 
4 27 0 23.3 43.9 19.9 57.9+0.84 
5 34 0 23.4 42.5 19.( 59 0+1.07 
6 28 0 65.0+1.06 
7 45.0 60.2+1.5 
8 a3 0 23.0 43.0 18.6 58.7+0.42 
9 42 0 57.0 
10 29 0 24.4 43.0 15.2 56.6+1.48 
1] 30 1.0 45.0 67.1 
12 +] Pe 25.9 45.0 18.9 58.6+0.74 
13 29 3.5 24.5 43.5 21.0 61.4+0.85 
14 29 25.1 43.5 13.6 56.1+0.63 
16 27 45.0 26.0 62.4+1.06 
17 42 4.25 27.9 41.5 23.4 58.1+0.48 
18 36 5.0 27.9 41.0 20.9 57.2+0.78 


The third of the papers mentioned, that of Stromberg (Figure 2). 
may possibly be considered as containing the most representative cases 
(taken on Army recruits). The research includes over 5,000 eyes. The 
experimental accuracy is quite satisfactory, since the procedure of re- 
fraction was designed in a scientific manner. The peak of the curve 
lies between +0.50 D. and +0.75 D. 


228 


THE VARIATION OF OPTICAL ELEMENTS—-STENSTROM by WOOLF 


TABLE 5 
Characteristics of the Distribution Curve for Refractive State by Stromberg 
(Computed for Principal Point Refraction) 


Mean Skewness (+1) Kurtosis (yz) 


o 
+0.66+0.016 +1.12+0.011 3.50+0.034 +28.36+0.068 


Laying aside the minor differences among the three sets of data we 
can generalize as follows: the maximum of the curve lies between 0 and 
+1.0 D., with most eyes lying within this interval (it contains over 
70 per cent): the frequency of myopia is 13 per cent for Scheerer and 
Betsch, 15 per cent for Kronfeld and Dewney, and 9 per cent for Strom- 
berg. The curve shows marked leptokurtosis and skewness toward the 
negative direction. 


AO-9 -8-7 -6 -§ -4 O'+1 42 +3 +E +6 +7 +8 D 


Fig. 2. Distribution of Refractive Error Taken from Stromberg. Number of Eyes, 5,121. 
(See Table 5) 

Summary. The work on the distribution of refractive errors in 
the adult population shows that it markedly deviates from a normal dis- 
tribution curve partly because of its pronounced leptokurtosis (accumu- 
lation of cases within the central region combined with a relatively high 
frequency of the extremes), and partly because of the skewness in the 
negative direction. 
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8. ANALYSIS OF THE DISTRIBUTION OF REFRACTIVE ERRORS. 
Steiger, as previously mentioned, held the view that the individual 
optical elements vary normally and combine freely with one another. 
This view was supported by his work on the distribution of corneal 
refracting power. According to Steiger, the distribution of total refract 
ing power must also be normal. However, the obvious relationship of 
the optical elements to each other must have been apparent to him be- 
cause of the tendency of the central group to build up excessively in 
comparison with a normal distribution. He alludes to what Bourgeois 
and Tscherning had suspected, namely, that most eyes have a propor- 
tionate or harmonic structure; the ratio of the corneal radius and axial 
length usually being 1:3. He wrote, ‘‘A Jarge eye approaches the 
spherical form. A less curved cornea and a longer axial length both 
play a part in it. Therefore. it follows that a regulating mechanism 1s 
present.’ He did not state the conSequences of this principle of harmonic 
structure but emphasized that it is not always true. 

Although Steiger had no reliable statistics of the distribution curve 
of refractive errors at his command, he was well aware of the extreme 
skewness on the myopic side. He gave no satisfactory explanation for 
this phenomenon. 

Gallus, who undertook a more extensive study of refraction, 
found in his data a range of from —30 D. to +9 D. and pointed out 
that only cases within the range of —9 D. to +-9 D. would be determined 
by a random combination of the optical elements of the eye. According 
to Gallus, therefore, there must be a mechanism which drives the de- 
velopment of the refractive error in the direction of myopia. 

In 1926 the problem was taken up by Wibaut (a) in conjunction 
with a study by van der Meer. He came to the conclusion that in the 
dioptric system the various factors are not independent, that an intrinsic 
connection exists between them. According to Wibaut this explains 
the accumulation of cases with low refractive errors. He saw here proof 
for Straub’s concept that during growth a kind of adjustment of the 
eye, an “emmetropization,” occurs. No attempt was made to explain 
the skewness of the refractive error curve toward myopia. 

In a later work, Wibaut (c) considered the question of the correla- 
tion between various optical elements and computed the one between 
the corneal and the total refracting powers which is tabulated later in 
this paper. He also made a correlation study of Zeeman’s material. This 
material is particularly not representative, and since this correlation has 
been made by Tron, there is no reason to consider Wibaut’s account 
of it. 
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Scheerer and Betsch have also considered this subject. Their work 
on over 7,000 eyes showed that the asymmetry of the refractive error 
curve disappeared when all cases with conus formation were excluded. 
They held that eyes displaying conus constitute a particular patho- 
logical group, and that after its exclusion the remaining eyes showed a 
normal distribution for refractive error. However, as Wibaut pointed 
out, an asymmetrical curve is not necessarily a normal distribution curve. 
Their conclusions were that the refractive error curve is a combination 
of the frequency curve for normal eyes with that for pathological eyes, 
so that the curve for axial length of all eyes must show the same asym- 
metrical picture as the refractive error curve. 

Further progress was aided by Tron’s (a) broad analysis of the 
question based partly on his work and partly on Zeeman and Awer- 
bach’s data of 200 eyes. Unfortunately, the mathematical procedure is 
false in some aspects, as Berg has proved, but the fundamental sig- 
nificance of his work cannot be questioned. Tron thought it possible 
to prove that aside from the optical length, all the optical elements of 
the eye vary normally. The frequency curve of the axial length shows 
a definite departure from the normal form in its asymmetry and its 
marked leptokurtosis. By rejection of the highly myopic eyes (over 6 
D.), Tron obtained a normal distribution for the rest. , 

Tron also undertook the correlation on his own material. With 
respect to the behavior of the optical elements in various refractive con- 
ditions, he determined that, with the exception of the axial length, no 
significant difference between the means for the two groups, myopia 
and hyperopia, could be proved. He found a moderate correlation be- 
tween refractive error and axial length (r — 0.647) ® while no such 
correlation was established between refractive error and total refracting 
power (1 0.068). He concluded that axial length per se is not de- 
cisive in determining the refractive error, and that the large majority of 
cases of ametropia are neither axial nor refractive, but have their source 
in a combination of the two. In a later work, Tron (b) has a discus- 
sion in which he expands on the refractive error curve, stating that we 
have no adequate criterion for considering the question of whether the 
various optical factors combine in accordance with chance. He empha- 
sizes at the same time that all known refractive errors can be said to 
arise by combinations of the optical factors lying within the quantitative 
limits of normal variation. 

In connection with their study of the refractive problem, Kronfeld 
and Dewney give two possible explanations for the kurtosis of the re- 


* Tron gives no sign before the correlation ratio: naturally it is negative. 
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fractive error curve: first, a correlation between the optical factors (an 
untenable hypothesis) ; and second, that the axial length, which is of 
prime importance and which has not been sufficiently investigated as 
yet, showed a distinct kurtosis in their isolated statistical study of it. 
Both investigators emphasize that the measurement of the axial length 
of adult eyes must be applied on a broader basis, before the last word 
can be said on this subject; and that the refractive error curve must in- 
clude at least two different types of eyes, the normal and the anomalous. 

Berg (b), stimulated by Tron’s work, took up the question in 
1931. Following a discussion of Tron’s errors in the computation of 
the lens’ refracting power and of the axial length as well as the correc- 
tion thereof by statistical treatment, he shows the significance of the 
magnitude of the correlation between the optical factors by the com- 
putation of the variation behavior in various cases. Above all, it shows 
that while the correlation between the corneal radius and axial length 
is comparatively low for the entire material (r — +0.35 +0.06), it 
behaves quite differently for the individual refractive groups. The 
hyperopic group differs from the other groups in that the axial length 
is independent of the corneal radius. The central group is characterized 
by the dispersion being markedly less than the dispersion of each of 
the optical factors. This group, from a biological aspect, was labeled 
the normal group. I am going more deeply into Berg's computations in 
conjunction with my own analysis. 

Rosengren (c), in a paper in 1932, has a review of the refraction 
problem. He points out that a normal curve for refractive errors cannot 
be expected, even if the optical factors vary normally, since the refractive 
error is not a linear function thereof. Stromberg established on his 
material (without a more precise statistical analysis, however) that there 
appears to be no correlation between refractive error and corneal re- 
fracting power. 

Summary. The investigations of the causes of the pronounced de- 
partures of the refractive error distribution curve from the normal curve 
have been discussed. It ts caused partly by the correlation between the 
optical factors, and partly in that the axial length does not display nor- 
mal distribution but exhibits an especially skewed distribution and 
probably leptokurtosis as well. [he total distribution curve for refrac- 
tive errors can be considered with good probability as a sum of different 
refractive error curves, each of which adds its own scatter. 

Knowledge about the variations of the axial length, of the refract- 
ing power of the lens, and of the total refracting power is as yet insuf- 
fictent to confirm the correctness of these theories. 


232 


x 
‘ 


AMERICAN JOURNAL OF OPTOMETRY 
and ARCHIVES of 
AMERICAN ACADEMY OF OPTOMETRY 


Established 1924 


Vol. 25 MAY, 1948 No. 5 


EDITORS AND STAFF 


Dr. Carel C. Koch Editor 
Dr. Rober: E. Bannon Research Editor 
Virginia Huck Editorial Assistant 
Joseph G. Mayjersky Editorial Assistant 
Harry Brookins Production Manager 
William H. O'Brien Advertising Manager 
Mary L. Kerr , Circulation Manager 


Publication and Academy Office: 1502 Foshay Tower, 821 Marquette Ave 
Minneapolis 2. Minnesota 


Annual Subscription. $5.00 in Advance: Canada, $5.50: Foreign, $6.00: 
Single Copies. 50c. 

Original papers. scientific communications. clinical reports. books for review, and corre- 
spondence should be sent to the editor. Subscriptions and applications for single copies 
should be addressed to the circulation manager. Copy of advertisements must be sent in 
by the first of the month preceding their appearance. Communications with reference 
to advertising or other journal business should be addressed to the advertising manager. 
Academy correspondence should be addressed to Dr. Carel C. Koch. Secretary of the 
American Academy of Optometry 


Published Monthly by the 
AMERICAN JOURNAL OF OPTOMETRY PUBLISHING ASSOCIATION 


The American Academy of Optometry and the publishers of this journal have 
no objection to the reprinting by other magazines of any of the articles in this 
issue, provided such reprints are properly credited to the AMERICAN JOURNAL 
OF OPTOMETRY AND ARCHIVES OF AMERICAN ACADEMY OF OPTOMETRY. 


DEFINITIONS 


There is a marked trend in present day optometry to devote more 
and more attention toward what may be termed the ‘‘functional aspects 
of vision.’ To be sure, much of this attention is purely lip service by 
many. That is, there are those who go to meetings (like some go to 
church on Sundays), speak glibly of the new phrases, and give all the 
outward appearances of being devoted disciples. Yet, when they return 
to their offices, they practice much the same as they had done previously. 
Nevertheless, there are a number of serious men who are putting into 
practice these more recently developed techniques which are based upon 
the “functional” concept of vision, and, in many cases, remarkable re- 
sults are being realized. 
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tDITORIALS 


In recent years there has been some difficulty in understanding 
discussions about refraction and allied subjects because of the new use, 
or the new definition, of certain terms which have stood for over a 
century to have a definite and universally accepted meaning in optics. 
Matters would be very much simplified if we would continue to accept 
and use the terms of hyperopia, myopia and astigmatism in their 
optical sense. After all, we still use optical units in expressing the degree 
of, and in measuring, hyperopia, myopia and astigmatism. There may 
be distinctions made by the “‘anatomical’’ and the “‘functional’’ schools 
of thought as to the cause and as to the treatment of these anomalies 
of vision, but there need be no controversy about their measurement. 
The measurement of hyperopia, myopia and astigmatism is primarily 
an optical matter. It is the etiology and the treatment of these conditions 
of ametropia which may be matters of disagreement. 

Whatever one’s views may. be relative to etiology and treatment, 
it is necessary first of all to measure as exactly as possible the refractive 
condition. We should all be interested in determining the nature and 
the extent of the ametropia. What part of the total ametropia should be 
corrected is a matter for each individual practitioner to decide and, of 
course, will vary depending upon the symptoms, the age, the occupation 
and the interests of the patient. 


Definition of Terms 
HYPEROPIA is defined optically as that refractive condition of an 


eye in which light from infinity entering the unaccommodated eye is 
brought to a focus posterior to the retina. 

MYOPIA is defined optically as that refractive condition of an eye 
in which light from infinity entering the unaccommodated eye is brought 
to a focus anterior to the retina. 

ASTIGMATISM is defined optically as that refractive condition of an 
eye in which light from infinity entering the unaccommodated eye is 
brought to a focus in each of two perpendicular meridians. 

The above definitions are purely optical or physical. They are 
in consonance with the classical, universally recognized, scientific terms 
that have been used and understood for over a century. 

To describe how a hyperope, a myope or an astigmat sees; how 
he ‘‘performs;'’ how he adapts himself to his condition, his environ- 
ment, his work; or to postulate causes of the anomaly, does serve to 
illustrate the condition, but it definitely does not define it. For example, 
a man may measure to be a height of six feet. Yet, he might ‘‘perform”’ 
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in some instances as though he were taller or shorter. He might, by 
jumping or other means, be able to touch or reach an object 10 feet from 
he floor. We would not say, however, that his performance alone 
uescribes accurately, or defines, his height. Two men equally tall may 
perform differently, and two men of unequal height may perform alike. 
Likewise, two people with equal ametropia may see differently in terms 
of visual acuity as well as in many other respects, and furthermore, 
two people with entirely different degrees and types of ametropia may 
see (may perform) quite similarly. It should be obvious that the crite- 
rion of performance is not a reliable indication or definition of the 
physical characteristics of an individual. 
Some may insist that optometry need not be concerned with the 
physical characteristics of people or of their eyes — that the _ per- 
formance, the functional aspects are all that matter. Those who hold 
this view and wish to proceed accordingly should do so, but they 
should not confuse their work and those interested in their work by the 
use of terms which have a strictly physical meaning with which they 
© not agree. Let them use other terms, possibly of their own coinage, 
to express the ocular conditions (hyperopia, myopia and astigmatism ) 
a cerms of their respective functional manifestations. 
ROBERT E. BANNON 


TRANSACTIONS OF THE 
AMERICAN ACADEMY OF OPTOMETRY 


A department devoted to announcements, reports, appointments, organization data, 
news, professional problems and ideals, as these relate to the Academy. 


REPORT OF COMMITTEE ON SCREENING 
TECHNIQUES AND REVIEWING NEW INSTRUMENTS 


At the meeting of the American Academy of Optometry in May, 
1947, President Fisher was authorized by the Executive Council to 
appoint a special policy committee to study the question of whether 
he Academy should screen techniques and procedures, and test, study 
.nd report on instruments as they are presented to practicing optome- 
rists. Ihe committee was requested to formulate a policy with regard 
to these matters and report its findings and suggestions to the Execu- 
tive Council. The report which was submitted to the Executive Council 
is as follows: 

‘The course recommended for the screening of techniques and the 
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testing of new instruments can be divided into two parts: first, a course 
which could be currently pursued, and second, a course which can be 
followed as specific needs are encountered. 

“The course which is to be currently pursued is as follows: a 
listing of all new ophthalmic instruments and devices together with 
their descriptions and the manufacturers claims which are made con- 
cerning them. Such a listing would serve a twofold purpose. First, it 
would provide a means whereby the optometrist could secure descrip- 
tions of all new developments in ophthalmic instruments, devices, and 
techniques within any given period of time; second, it would encourage 
the manufacturers to be specific in the descriptions of their products and 
discreet in the claims of results. 

“It is recommended that the listing include all instruments and 
devices used for the testing of eyes and visual functions, the training of 
visual functions, the optical correttion and aid of visual anomalies, and 
the forming, shaping and mounting of ophthalmic lenses. 

“The information for the listing would be provided by the manu- 
facturers to a designated agent or committee within the Academy. By 
the use of criteria for the descriptions of techniques and instruments a 
quide can be provided the optometrist. 

‘The claims made of instruments, devices, and procedures prob- 
ably will determine specific problems that have a critical need of in- 
vestigation. The recommendation that such investigation be undertaken 
whenever necessary in order to adequately evaluate techniques or devices 
constitutes the second part of the recommended policy. 

‘Investigations for adequate evaluations might consist of summaries 
of all available experimental and clinical data concerning a given tech- 
nique or device, a reevaluation or repeat of experiments already per- 
formed, and original experiments. For those problems which could be 
classified as “‘most controversial’ and require clinical study, it is recom- 
mended that simultaneous investigations be made by a number of in- 
vestigators. 

‘In order to carry out the policy herein described, the reeommenda- 
tion is made that the Executive Council authorize the appointment of a 
permanent committee to study, investigate, and report on new pro- 
cedures, instruments, and devices. It is further recommended that the 
Executive Council invest in the committee the authority to request in- 
formation, and loans of instruments and devices for testing purposes 
in the name of the Academy.” 

In March, 1948, The Executive Council approved the recommenda- 
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tions made by the policy committee and authorized it to function as the 
permanent committee. 

In keeping with the course which was to be currently pursued 
this committee is undertaking the necessary steps to provide for the list- 
ing of new devices and instruments. One step is the notification of all 
manufacturers of ophthalmic products of the existence and function of 
the committee together with an invitation to take advantage of the 
listing. 

With regard to the second function of the committee, namely, the 
evaluation of techniques or devices, the necessary study and investigation 
will be undertaken or implemented as the needs arise. Suggestions with 
regard to the greatest needs of evaluation as viewed and encountered by 
members of the Academy will be given weighty consideration. 

V. J. ELLERBROCK, Chairman 
H. G. MOTE 
E. L. RYER 
F. W. SINN 


CURRENT COMMENTS 
Virginia Huck | 
Editorial Assistant 

Optometrists will confer a favor by sending news items of general interest for this 
department; such as relate to new instruments, clinical techniques, education, visual 
health and optometric legislation and organization. 


SPEAKERS AT A.O.A. CONGRESS 

Educational sessions at the coming A.O.A. Congress will be de- 
voted for the most part to fields closely related to optometry according 
to an A.O.A. bulletin. 

Dr. Henry L. Wolfe, Marshalltown, Iowa, will discuss ‘“‘Ocular 
Pathology from the Viewpoint of the Practicing Optometrist.’’ Dr. 
Wolfe is a staff member of the Wolfe Cataract clinic in Marshalltown, 
He practices with his father and two brothers, all of whom are phy- 
sicians. 

The relation of psychology to optometry will be the subject of 
Dr. Wilbur Hulin, Professor, Pacific University. 

Convention delegates will also hear Dr. Alvah R. Lauer speak 
on “‘Motorists’ Vision.’’ Past professor of psychology at Iowa State 
College, Dr. Lauer is now director of education and research at the 
Los Angeles School of Optometry. Following Dr. Lauer's talk there 
will be an open forum on problems of motorists’ vision, and in par- 
ticular, licensing tests. 
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Dr. Anita Eberl of Milwaukee. Wisconsin, will discuss “The Re- 
lation of Visual Difficulties to Scholastic Achievement.’’ She is an as- 
sociate of Dr. Marguerite Eberl, and a visual consultant of the Cardinal 
Stritch Reading clinic in Milwaukee. 

Also on the educational program is Dr. Gordon Lynn Walls, 
associate professor of physiological optics at the School of Optometry, 
Berkeley. Dr. Walls will discuss ‘Is Vision Ever Binocular?” 

Featured speaker at the convention will be Dr. Ward Halstead of 
the University of Chicago. 

The A.O.A. Congress—the 53rd-—will be held in San Francisco, 
June 20-24, at the Palace Hotel. 


MINNEAPOLIS HOST TO N.S.P.B. 

Teamwork between health specialists was very much in evidence 
at the recent convention of the National Society for the Prevention of 
Blindness. Public health officials, educators, ophthalmologists, optome- 
trists, nurses and psychologists cooperated with Society officials in pre- 
paring an outstanding program on vision conservation. 

Optometry was represented on the program by Dr. Richard Fein- 
berg, Research Associate in Industrial Psychology, Purdue University, 
and Dr. E. H. Westland, Aimbridge, Pennsylvania, Chairman, Com- 
mittee on Occupational Vision, A.O.A. Both spoke at a panel on in- 
dustrial vision. 

Other panel speakers were Dr. Leonard Arling (M.D.), North- 
west Industrial Clinic, Minneapolis; Dr. Hedwig S. Kuhn (M.D.), 
Hammond, Indiana, Secretary, Joint Committee on Industrial Ophthal- 
mology of the American Medical Association and American Academy of 
Ophthalmology and Otolaryngology: Joanna M. Johnson, R.N., Di- 
rector, Industrial Nursing Division, Employers Mutual Liability In- 
surance Company of Wisconsin, Milwaukee; and Mr. C. P. Carlsen, 
Guild of Prescription Opticians, New York City. Dr. Thomas D. Allen 
(M.D.), Rush Associate Clinical Professor of Ophthalmology, Uni- 
versity of Illinois, presided. 

Before calling upon panel speakers, Dr. Allen summarized the 
objectives of an industrial health program: (1) protection of health: 
(2) maximum working efficiency, and (3) preservation of rights. ‘The 
responsibility for protection of the worker's health rests with organized 
health agencies,"’ Dr. Allen pointed out. He also emphasized that work- 
ers must be kept healthy if America is to keep its position of leadership 
in the world. 

Salient points of the panel speeches were briefly as follows: 
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Dr. Feinberg... 

‘At one time our objective of carrying out effective industrial eye 
care programs seemed hopeless, but awareness on the part of management 
and labor of the need for such programs has increased during the last 
two years through a concerted effort on our part. 

‘Those working with the optometrist must remember that he is 
not a time and motion study man. Optometry is concerned with the 
individual rather than the group, and the individual must be dealt with 
as such. It is the optometrist’s duty to salvage employees who fall 
beneath visual requirements.” 

Joanna Johnson .. . 

“Round table discussions such as this one have helped obtain sup- 
port for eye care in industry. 

“T recommend that undergraduate training in eye care (for nurses) 
be improved. 

“The nurse must have all the facts before she can proceed with 
proper eye care in industry. 

‘If mechanical equipment is to be used, the nurse should be trained 
first. She should not have to learn from a layman.” 

Dr. Kuhn . 

‘Thank goodness the raw battle lines are over. Optometrists 
are no longer tense, nurses are no longer saying they have another head- 
ache, ophthalmologists are no longer raising eyebrows, and management 
has stopped thinking it’s a racket. 

‘The optometrist must participate in the industrial vision program 
outside his office. He must analyze existing eye hazards in the plant, 
assist the physical director-in his choice of eye protection equipment, 
and back him up to management and the employees. He should give 
pep talks to safety committees, advise management on visual tests, assist 
in setting up visual standards and a corrective placement program. He 
must recognize eye pathology. 

‘Teamwork is essential—teamwork between eye specialists, man- 
agement and the unions. And you can get cooperation between manage- 
ment and the unions! 

‘Above all, professional men must learn what makes plants tick, 
and ‘be folks,’ or an industrial program cannot succeed. 

Finally, the optometrist must overcome any allergy to statisticians 
and must learn to work with nurses for an effective industrial vision 
program.” 
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Mr. Carlsen... 
‘Glasses are too often considered a piece of merchandise by the 
patient. It is our job to help them understand differently.” 


Dr. Arling .. . 

“Selling management on an industrial vision program is best ac- 
complished by showing company officials where there is a dollar gain. 
This can be done by explaining the program in terms of reduced com- 
pensation costs and reduced labor turnover. 

“Every plant medical director should try to make a consultant 
available to study individual eye problems so that employees can be 
placed in the job they are best suited for visually.” 

Dr. E. H. Westland, panel discussant,\re-emphasized that team- 
work between health specialists is essential for improvement of visual 
conditions in a plant. 

“Optometry is proud to be 4 part of this national health conserva- 
tion program of the National Society for Prevention of Blindness,” 
he declared. 

The round table was the second staged by the Society, the first 
being at the annual convention two years ago. This year’s three-day 
meeting was held at the Radisson Hotel, Minneapolis. 


SASKATCHEWAN SUMMER COURSE 


The annual summer course of the Saskatchewan Optometric Asso- 
ciation will open August 9 at the University of Saskatchewan. Lecturers 
at the four-day session will include: Dr. L. B. Jacques, and Mr. B. M. 
Springbett, phychologists both from the University of Saskatchewan: 
Mr. E. J. Fisher, optometrist, College of Optometry, Ontario. Regis- 
tration information may be secured from Mr. Harold C. Arnold, 210 
Birks Building, Saskatoon, Saskatchewan. 


ABSTRACTS 


THE IMPORTANCE OF PHYSIOLOGICAL OPTICS IN OPTOMETRIC TRAIN- 
ING. C. S. Bridgman. The O-Eye-O. (Ohio State University-School of Op- 
tometry.) 13.3.6-7.1947. 


According to the author, physiological optics from the standpoint of the optome- 
trist cannot be purely theoretical nor separate from his basic interests or activities. 
Along with anatomy it is tied into his refractive work and his studies of the accommo- 
dative-convergence relationships. Orthoptics and the motility of the eyes are so inter- 
woven with the fundamentals of physiological optics as to make them inseparable. 
The author also finds little separation between the fields of physiological optics and 
visual physiology, and a knowledge of both are fundamental if one is to attempt to 
understand some of the theories of the visual psychologists. In this latter field of 
psychology Bridgman finds that the acquisition of accurate information has always 
been the means of protecting oneself from the misguided enthusiasms of well meaning 
but poorly trained individuals who convince themselves and others of the reality of 
the impossible or improbable. 
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COMMENT ON THE TREATMENT OF MYOPIA 


To the Editor: 


It is not my purpose in this short comment to discuss the various 
types of myopia. This has been done before and an excellent survey 
appeared in the 1947 issues of the American Journal of Optometry and 
Archives of American Academy of Optometry. Rather it is desired to 
call attention to the possible treatment of this defect before structural 
changes have occurred in the scleral envelope or musculature. 


For many years now one particular theory has been advanced, 
viz.: that convergence should be inhibited to the utmost to prevent 
pressure by the obliques on a thinned sclera, and so prevent elongation 
of the globe by pressure. And because accommodation is associated with 
convergence, this has been inhibited, too, by appropriate near-work 
segments in the spectacles. The prisms, usually prescribed on the basis 
of the distance abduction, are carried over to the near prescription, 
although on occasions increased prisms can be incorporated in this near 
correction. 


So far so good. Sometimes it works and the myopia lessens by 
varying small degrees. On other occasions no increase in the defect 
appears, but in some cases, the treatment has no effect even if calcium 
has been administered as well. 


Some years ago Graf Wiser, a German specialist, built up a huge 
international practice for the treatment of myopia which for the most 
part consisted of high-plus lenses for ‘‘treatment.’’ Plus 30 or 32 diop- 
ters were not uncommonly prescribed. He preached ‘‘relaxation’”’ vig- 
orously and continuously. But relaxation of what? 


I am prompted to ask this question and renew consideration of the 
apparently opposing techniques of treatment as a result of a particular 
case which I have just treated myself. 


The patient, a 12-year-old boy was “‘designed’’ by his father for 
the Royal Naval College, and had been having ‘‘orthoptic treatment’”’ at 
the hands of a London surgeon, who referred the case to me. When 
seen by the surgeon originally, —0.75 of myopia was present. The 
orthoptics given were just base-in exercises for the most part on a 
rotary prism stereoscope. After a year’s treatment between school terms, 
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the myopia rose to —2.75 and the visual acuity dropped to 1/60 with- 
out lenses. 
In view of the importance of trying everything to reduce the 
defect, | gave 14 hours of treatment on the synoptophore and prism 
stereoscope using, of course, stereoscopic slides (as distinct from “‘fusion”’ 
slides), and I also had the boy wear high-plus lenses. The ‘‘exercise”’ 
here was to fix a picture or colored letters, and then withdraw them 
gradually, learning by mental effort to relax the accommodation. At 
the end of the last school holidays his uncorrected acuity was 9/18. 
From this experience | began to connect the two theories presented 
as ‘‘opposite ends’ of the same function, namely, that the prism treat- 
ment takes care of the accommodation associated with convergence, and 
convergence with accommodation, and that the high-plus technique 
takes care of the negative relative accommodation and a bit more 
besides—i.e., a certain amount Of residual tonus of the ciliaries. Just 
as positive ‘mental effort’ is used in the techniques of squint and 
heterophoria correction, so ‘negative’ mental effort (or relaxation) 
can be learned to relax the ciliaries to the ‘bitter end.’ To be at all 
successful | believe treatment on these lines must be given before any 
stretching or organic changes occur. 
I permitted my patient to return to school but made provision 
for him to use plus 20.0’s daily for half an hour, to normally not wear 
his minus correcting lenses but only for blackboard work. I am seeing 
his again shortly. There will be sequel. 


ERIC 


BRIDGE HOUSE 
LOOE, CORNWALL, ENGLAND 


*FOptometrist. Fellow, American Academy of Optometry. Fellow, British Optical 
Association (Hons). 


ANNOUNCEMENTS 


UNIVERSITY OF CALIFORNIA 
SCHOOL OF OPTOMETRY 


The curriculum in optometry at the University of California 
School of Optometry has been increased from a total of four years to five 
years effective with the junior class entering the School of Optometry in 
September, 1948. 
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The five year curriculum includes the two year pre-optometry 
program leading to the Associate in Arts degree in the College of Letters 
and Science, followed by the three year professional optometry curricu- 
lum in the School of Optometry. This curriculum leads to the degree of 
Bachelor of Science at the end of the fourth year, and the graduate Cer- 
tificate in Optometry and the degree of Master of Optometry at the end 
of the fifth year. 

The curriculum has been increased by the addition of a graduate 
year with no changes in the previous four year curriculum. The graduate 
year program is approximately half clinical and half academic with 
emphasis upon the clinical. For details, consult the forthcoming An- 
nouncement of the School of Optometry, University of California. 

Admission to the School of Optometry is limited. Candidates for 
admission to the first year (junior) class are accepted primarily on the 
basis of scholarship, particular emphasis being placed on the required 
subjects. In addition each applicant will be required to take a profes- 
sional aptitude test beginning with the class entering in September, 1949. 

At least 45 of the 50 applicants admitted to the first year class 
must be California applicants. Up to as many as five applicants will 
be accepted, who are not legal residents of California. These non- 
residents will be selected from states west of the Mississippi, or from | 
foreign countries, not having optometry schools. Not more than one | 
foreign applicant will be accepted each year. 

Inquiries concerning admission to the School of Optometry should 
be addressed to the University Admissions Director, University of Cal- 
ifornia, Berkeley 4, California. 


KENNETH B. STODDARD 


BOOK NOTICES AND REVIEWS 


Books received are acknowledged by notices in this department. Special selections 
will be made for more extensive review in the interest of our readers as space permits. 


FATIGUE AND THE IMPAIRMENT IN MAN, S. Howard Bart- 
ley, Ph.D., and Eloise Chute, M.A. (with foreword by A. C. Ivy, 
Ph.D., M.D.). Published by McGraw-Hill Book Co., Inc., New 
York, 429 pages, $5.50, 1947. 


The authors of Fatigue and the Impairment in Man have provided 
their readers with a unique, self-consistent, and comprehensive outlook 
on the fatigue problem. They have distinguished between what can 
happen to tissue and what can happen to the individual as a unified, 
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living, experiencing organism. The former, they have called impair- 
ment; the latter, fatigue. They recognize fatigue as something that arises 
out of confrontment with obligation (tasks, etc.). It is experienced as 
discomfort and the feeling of inadequacy and aversion. The concept 
of fatigue is thus an organizational rather than an energetic one. 

This view of fatigue makes it a kind of disorganization. Since all 
disorganization has conflict as one of its aspects, it may be said that 
the present concept is also a conflict view of fatigue. Fatigue is seen 
as one form of frustration behavior, and in this sense it is a parallel 
to other frustration expressions such as anxiety. 

The authors show in one chapter that many forms of process— 
change involved in conventional visual investigations are not fatigue 
at all—not even impairment. In another chapter on visual performance, 
they indicate that there are factors of ambiguity in the optico-geometri- 
cal aspects of the physical world which may give rise to conflicting 
interpretations (perceptions) and frustration. Visual fatigue is thus 
fatigue as it relates to frustration in the use of the visual apparatus. 
This view maintains that it is useless to look for fatigue in some kind 
of overwork of the visual apparatus. It is found rather through under- 
standing how visual processes may become involved in internal dis- 
harmony in such ways as to prevent accomplishment or produce dis- 
comfort. 

Optometrists not only will gain from the authors’ view of the 
visual processes as they relate to fatigue of the individual, but they will 
also gain a view of the unified organism—the person which is expound- 
ed in this book. 

The book poses many problems as yet unsolved, and hereby per- 
forms a worthy role in setting the task for many investigators from 
now on, not only in the physiological and psychological sciences, but 
also in the more directly applied disciplines such as optometry. As one 
leader in optometry has already said, it is a book that no one in optome- 
try can afford to be without. 

Dr. Ivy, in writing the foreword, says that the authors have done 
their job so well in distinguishing fatigue and impairment that it 
should serve as a model for psychologists and physiologists in reformu- 
lating current views regarding such matters as the distinctions between 
hunger and appetite. It may also be added that there are still other 
subtle overlapping pairs of terms, some of which are used in optometry, 
which would benefit by a good systematic reworking by someone able 
and willing to apply a similar amount of insight and sound logic. 
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With respect to the current interest of optometrists in the psycho- 


physiological aspects of vision, this book is a valuable source of infor- 
mation. It should be in the library of all optometrists who are concerned 
about the welfare of their patients as individuals, rather than as case 
records expressed solely in terms of optical formulas. 

ROBERT E. BANNON 


A STUDENT'S GUIDE TO OPTOMETRY. Joseph B. Gutstein. 
Monroe College of Optometry. Chicago, Illinois. 184 pages. II- 
lustrated. 1947. 


This manual was written, as the author states in his preface, to 
serve as ‘‘a student's guide in the course of theoretical optometry given 
at the Monroe College of Optometry.’’ The author explains candidly 
that his text should not be considered an exhaustive treatment of theo- 
retical optometry, but rather an attempt to present the basic funda- 
mentals. Furthermore, the treatment is limited primarily to monocular 
vision with only occasional reference to binocular aspects. The author 
points out his intention of enlarging the scope by further revision and 
supplementation. In general, the treatment of the five chapters (I. Basic 
Concepts and Definitions, II. Emmetropia, III. Hyperopia, 1V. Myopia, 
and V. Astigmatism) is concise and well written with the consistent 
regard as expressed in the preface. 

It is encouraging to note that the classical optical definitions of 
emmetropia, hyperopia, myopia, and astigmatism are used and that 
the author presents in a simple yet comprehensive manner the intricacies 
of elementary geometrical optics. The theoretical aspects of imagery in 
the various forms of ametropia, some optical factors involved in accom- 
modation, presbyopia, and aphakia are treated briefly, and, no doubt, 
when supplemented by lectures and laboratory demonstrations should 
serve adequately for beginning students. 

In addition to the optical theory, the author has included many 
interesting practical points to the extent that he could have titled his 
manual, ‘“A Student's Guide to the Theory and Practice of Optometry.” 
There is considerable space (20 pages) devoted to the care and opera- 
tion of ophthalmometers, which seems out of place in a manual on 
theoretical optometry. 

Of course, there are omissions which the author may intend to in- 
clude in future editions. A manual on theoretical optometry should in- 
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clude the optical basis of retinoscopy and ophthalmoscopy as well as a 
discussion of the different forms of corrective lenses. 

The author is to be commended for making a beginning on the 
difficult but very important work of preparing a guide for students in 
theoretical optometry. With some reorganization of his material and 
the inclusion of the optical fundamentals of other instruments and 
techniques, a very good manual should result. It is by putting down 
on paper for critical evaluation and further elucidation the essential 
fundamentals of optometric instruments and techniques that students, 
teachers, and practitioners may have a common source of information, 
reference, and basis for intelligent discussion. 

Dr. Gutstein is to be congratulated for\his scientific approach, his 
acknowledgement of important authorities from whom he quoted and 
whom he listed as references. All too often in more pretentious opto- 
metric writing is mention made of some important point reputedly 
proven, or disproven, without stating the reference. 

It is hoped that Dr. Gutstein will continue his efforts and that we 
may look forward to his revised edition in the near future. 

ROBERT E. BANNON 
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OPPORTUNITY FOR OPTOMETRY. 
Optometry. 13.2.14-15.1948. 


The author calls upon psychology to bridge the gap between the precise findings 
ot anatomy, physiology and vision as a perceptual act in the general framework of the 
patient. The author believes that optometry, using the psychological approach of con- 
sidering vision in the category of a learned act, will do much to eliminate many of the 
refractive problem cases of the past. The author reviews the background of psychologi- 
cal study of the past 30 years and appeals for more psycho-physiological research. 

Go 
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THE MANAGEMENT OF CATARACT CASES. I. Kaplan. Alumni Bulletin, 
Pennsylvania State College of Optometry. 1,11,1-4, 1948. 


The author reviews the subject of cataract from the standpoint of the surgeon, 
stressing the choice of patient and the pre- and post-operative care. The contra-indica- 
tions of surgery are (1) senile dementia, (2) psychiatric disturbances, (3) chronic 
alcoholism, (4) patients with pronounced asthmatic problems and (5) those with dia- 
betes. 
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4 
Charm Magazing, leading fashion publication for the 
younger set, has selected Kono’s CALICO HUSSY 
as the finest fashion-wise frame for mademoiselle and 
modern matron. The special May issue, devoted to 
vant on a holiday, features CALICO HUSSY for 
asual and formal vacation wear. Supported by travel 
¢ agencies, airplane companies, and over a thousand 
fashion shops, Charm Magazine is leading the sum- 
mer fashion parade from Bar Harbor to Bermuda. 
And wherever Miss America vacations, she will be 


smiling through CALICO HUSSY Frames. 


* 

THE KONO MANUFACTURING COMPANY 
69-24 FORTY-NINTH AVE., WOODSIDE, N. ¥. 

55 E. WASHINGTON ST., CHICAGO, ILL, CHARLESTON, S. 
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